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(54) Method and apparatus for producing pipes for drip irrigation. 

(57) A technique for manufacturing extruded drip 
irrigation lines including drip irrigation ele- 
ments having a non-circular cross section in- 
cluding the steps of : 

extruding a drip irrigation conduit ; and 

heat welding discrete drip irrigation ele- 
ments having a non-circular cross section to a 
portion of the interior surface of the drip irri- 
gation conduit extending over less than the 
entire circumference thereof, the step of heat 
welding including the following steps : 

sequentially feeding discrete drip irri- 
gation elements through the interior of the drip 
irrigation conduit ; 

causing individual drip irrigation elements 
to establish initial contact with the extruded 
conduit as the extruded conduit is being 
stretched to its final cross sectional dimen- 
sions ; and 

completing heat welding of the elements 
to the conduit when the conduit has substan- 
tially reached its final cross sectional dimen- 
sions. 
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FIELD OF THE INVENTION 

The present invention relates to techniques and 
apparatus for producing continuous extruded drip irri- 
gation lines. 

BACKGROUND OF THE INVENTION 

Various types of drip irrigation emitters are known 
in the art and in the patent literature. U.S. Patent 
3,981,452 to Eckstein describes a continuous ext- 
ruded drip irrigation line employing drip irrigation ele- 
ments having a generally circular cross section. Drip 
irrigation lines according to this patent have enjoyed 
considerable commercial success throughout the 
world. 

Beginning in 1979, drip irrigation conduits were 
introduced to the market which employed drip irri- 
gation elements having a non-circular circular cross 
section heat welded to the interior surface of an ext- 
ruded conduit. 

U.S. Patent 4,728,042 to Gorney and Dinur, des- 
cribes a continuous extruded drip irrigation line whe- 
rein the drip irrigation elements have a non-circular 
cross section and are mounted onto the interior wall 
of an extruded drip irrigation conduit along less than 
its entire circumference. A flow rate reduction path is 
defined between the interior wall and part of each ele- 
ment. 

SUMMARY OF THE INVENTION 

The present invention seeks to provide a new 
technique for manufacture of extruded drip irrigation 
lines including drip irrigation elements having a non- 
circular cross section, mounted onto the interior wall 
of an extruded drip irrigation conduit along less than 
its entire circumference. 

There is thus provided in accordance with a pre- 
ferred embodiment of the present invention a tech- 
nique for manufacturing extruded drip irrigation lines 
including drip irrigation elements having a non-circu- 
lar cross section including the steps of: 

extruding a drip irrigation conduit; and 

heat welding discrete drip irrigation elements 
having a non-circular cross section to a portion of the 
interior surface of the drip irrigation conduit extending 
over less than the entire circumference thereof, the 
step of heat welding including the following steps: 

sequentially feeding discrete drip irrigation ele- 
ments through the interior of the drip irrigation conduit; 

causing individual drip irrigation elements to 
establish initial contact with the extruded conduit as 
the extruded conduit is being stretched to its final 
cross sectional dimensions; and 

completing heat welding of the elements to the 
conduit when the conduit has substantially reached its 
final cross sectional dimensions. 



There is also provided in accordance with a pre- 
ferred embodiment of the present invention a tech- 
nique for manufacturing extruded drip irrigation lines 
including drip irrigation elements having a non-circu- 
5 lar cross section including the steps of: 

extruding a drip irrigation conduit; and 
heat welding discrete drip irrigation elements 
having a non-circular cross section to a portion of the 
interior surface of the drip irrigation conduit extending 
10 over less than the entire circumference thereof, the 
step of heat welding including the following steps: 

sequentially feeding discrete drip irrigation ele- 
ments through the interior of the drip irrigation conduit; 
and 

15 causing individual drip irrigation elements to 

establish initial contact with the extruded conduit 
while the extruded conduit has a linear velocity less 
than its final linear velocity. 

There is also provided in accordance with a pre- 

20 f erred embodiment of the present invention a tech- 
nique for manufacturing extruded drip irrigation lines 
including drip irrigation elements having a non-circu- 
lar cross section including the steps of: 

extruding a drip irrigation conduit; and 

25 heat welding discrete drip irrigation elements 

having a non-circular cross section to a portion of the 
interior surface of the drip irrigation conduit extending 
over less than the entire circumference thereof, the 
step of heat welding including the following steps: 

30 sequentially feeding discrete drip irrigation ele- 

ments through the interior of the drip irrigation conduit; 
and 

causing individual drip irrigation elements to 
establish initial contact with the extruded conduit as 
35 the extruded conduit is undergoing linear motion at a 
first velocity substantially greater than the velocity of 
the individual drip irrigation element. 

Additionally, the technique may include the step 
of pulling, by means of the initial contact, the drip irri- 
40 gation element together with the conduit until heat 
welding is completed. 

In accordance with a preferred embodiment of the 
invention, the velocity of the drip irrigation element 
upon initial contact is at least 20% less than the first 
45 velocity. 

In accordance with another preferred embodi- 
ment of the invention, the velocity of the drip irrigation 
element upon initial contact is at least 50% less than 
the first velocity. 
so In accordance with a preferred embodiment of the 

invention, the velocity of the drip irrigation element 
upon initial contact is nearly zero. 

There is additionally provided in accordance with 
a preferred embodiment of the present invention a 
55 technique for manufacturing extruded drip irrigation 
lines including drip irrigation elements having a non- 
circular cross section including the steps of: 
extruding a drip irrigation conduit; and 
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heat welding discrete drip irrigation elements 
having a non-circular cross section to a portion of the 
interior surface of the drip irrigation conduit extending 
over less than the entire circumference thereof, the 
steps of heat welding including the following steps: 

sequentially feeding discrete drip irrigation ele- 
ments through the interior of the drip irrigation conduit; 
and 

causing individual drip irrigation elements to 
establish heat welding contact with the extruded con- 
duit as the extruded conduit is undergoing linear 
motion at a first velocity, said step of causing compris- 
ing moving the individual drip irrigation element with 
a component of motion transverse to the linear motion 
of the extruded conduit and into contact with an 
interior surface thereof. 

There is further provided in accordance with a 
preferred embodiment of the present invention a tech- 
nique for manufacturing extruded drip irrigation lines 
including drip irrigation elements having a non-circu- 
lar cross section including the steps of: 

extruding a drip irrigation conduit; and 

heat welding discrete drip irrigation elements 
having a non-circular cross section to a portion of the 
interior surface of the drip irrigation conduit extending 
over less than the entire circumference thereof, the 
step of heat welding including the following steps: 

sequentially feeding discrete drip irrigation ele- 
ments through the interior of the drip irrigation conduit; 
and 

causing individual drip irrigation elements to 
establish heat welding contact with the extruded con- 
duit as the extruded conduit is undergoing linear 
motion at a first velocity, said step of causing compris- 
ing pushing the extruded conduit with a component of 
motion transverse to the linear motion thereof and into 
contact with an individual drip irrigation element 

There is additionally provided in accordance with 
a preferred embodiment of the present invention a 
technique for manufacturing extruded drip irrigation 
lines including drip irrigation elements having a non- 
circular cross section including the steps of: 

extruding a drip irrigation conduit; and 

heat welding discrete drip irrigation elements 
having a non-circular cross section to a portion of the 
interior surface of the drip irrigation conduit extending 
over less than the entire circumference thereof, the 
step of heat welding including the following steps: 

sequentially feeding discrete drip irrigation ele- 
ments through the interior of the drip irrigation conduit; 
and 

causing individual drip irrigation elements to 
establish heat welding contact with the extruded con- 
duit as the extruded conduit is undergoing linear 
motion, said step of causing comprising the steps of: 

supplying gas under pressure to the interior of 
the extruded conduit, thereby causing expansion the- 
reof; 
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stretching the expanded extruded conduit to 
cause contraction thereof as initial heat welding con- 
tact is established between the drip irrigation element 
and the extruded conduit. 

5 Additionally in accordance with a preferred embo- 

diment of the invention there is provided apparatus for 
manufacturing extruded drip irrigation lines including 
drip irrigation elements having a non-circular cross 
section comprising: 

10 apparatus for extruding a drip irrigation con- 

duit; and 

apparatus for heat welding discrete drip irri- 
gation elements having a non-circular cross section to 
a portion of the interior surface of the drip irrigation 
15 conduit extending over less than the entire circumfer- 
ence thereof, the apparatus for heat welding compris- 
ing: 

apparatus for sequentially feeding discrete drip 
irrigation elements through the interior of the drip irri- 
20 gation conduit; 

apparatus for causing individual drip irrigation 
elements to establish initial contact with the extruded 
conduit as the extruded conduit is being stretched to 
its final cross-sectional dimensions; and 
25 apparatus for completing heat welding of the 

elements to the conduit when the conduit has sub- 
stantially reached its final cross sectional dimensions. 

Additionally in accordance with a preferred embo- 
diment of the invention there is provided apparatus for 
30 manufacturing extruded drip irrigation lines including 
drip irrigation elements having a non-circular cross 
section comprising: 

apparatus for extruding a drip irrigation con- 
duit; and 

35 apparatus for heat welding discrete drip irri- 

gation elements having a non-circular cross section to 
a portion of the interior surface of the drip irrigation 
conduit extending over less than the entire circumfer- 
ence thereof, the means for heat welding comprising: 
40 apparatus for sequentially feeding discrete drip 

irrigation elements through the interior of the drip irri- 
gation conduit; and 

apparatus for causing individual drip irrigation 
elements to establish initial contact with the extruded 
45 conduit as the extruded conduit is undergoing linear 
motion at a first velocity substantially greater than the 
velocity of the individual drip irrigation element, 
whereby by means of the initial contact, the drip irri- 
gation element is pulled together with the conduit until 
so heat welding is completed. 

The velocity of the drip irrigation element upon inn 
tial contact is preferably at least 20% less than the first 
velocity, and may be at least 50% less than the first 
velocity or nearly zero. 
55 Further in accordance with an embodiment of the 

invention there is provided apparatus for manufactur- 
ing extruded drip irrigation lines including drip irri- 
gation elements having a non-circular cross section 

3 
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comprising: 

apparatus for extruding a drip irrigation con- 
duit; and 

apparatus for heat welding discrete drip irri- 
gation elements having a non-circular cross section to 5 
a portion of the interior surface of the drip irrigation 
conduit extending over less than the entire circumfer- 
ence thereof, the apparatus for heat welding compris- 
ing: 

apparatus for sequentially feeding discrete drip 10 
irrigation elements through the interior of the drip irri- 
gation conduit; and 

apparatus for causing individual drip irrigation 
elements to establish heat welding contact with the 
extruded conduit as the extruded conduit is undergo- 15 
ing linear motion at a first velocity, said step of causing 
comprising moving the individual drip irrigation ele- 
ment with a component of motion transverse to the 
linear motion of the extruded conduit and into contact 
with an interior surface thereof. 20 

Additionally in accordance with an embodimentof 
the invention there is provided apparatus for manufac- 
turing extruded drip irrigation lines including drip irri- 
gation elements having a non-circular cross section 
comprising: 25 

apparatus for extruding a drip irrigation con- 
duit; and 

apparatus for heat welding discrete drip irri- 
gation elements having a non-circular cross section to 
a portion of the interior surface of the drip irrigation 30 
conduit extending over less than the entire circumfer- 
ence thereof, the apparatus for heat welding compris- 
ing: 

apparatus for sequentially feeding discrete drip 
irrigation elements through the interior of the drip irri- 35 
gation conduit; and 

apparatus for causing individual drip irrigation 
elements to establish heat welding contact with the 
extruded conduit as the extruded conduit is undergo- 
ing linear motion at a first velocity, said means for 40 
causing comprising means for pushing the extruded 
conduit with a component of motion transverse to the 
linear motion thereof and into contact with an indivi- 
dual drip irrigation element. 

Still further in accordance with an embodiment of 45 
the invention there is provided apparatus for manufac- 
turing extruded drip irrigation lines including drip irri- 
gation elements having a non-circular cross section 
comprising: 

apparatus for extruding a drip irrigation con- 50 
duit; and 

apparatus for heat welding discrete drip irri- 
gation elements having a non-circular cross section to 
a portion of the interior surface of the drip irrigation 
conduit extending over less than the entire circumfer- 55 
ence thereof, the apparatus for heat welding compris- 
ing: 

apparatus for sequentially feeding discrete drip 



irrigation elements through the interior of the drip irri- 
gation conduit; and 

apparatus for causing individual drip irrigation 
elements to establish heat welding contact with the 
extruded conduit as the extruded conduit is undergo- 
ing linear motion, the step of causing comprising: 

apparatus for supplying gas under pressure to 
the interior of the extruded conduit, thereby causing 
expansion thereof; and 

apparatus for stretching the expanded ext- 
ruded conduit to cause contraction thereof as initial 
heat welding contact is established between the drip 
irrigation element and the extruded conduit. 

Preferably the apparatus for heat welding com- 
prise a series of rollers arranged to externally engage 
the conduit following initial heat welding contact 
thereof with the drip irrigation elements, for assisting 
in the completion of heat welding therebetween. The 
series of rollers are preferably arranged for engage- 
ment with said conduit within a liquid bath maintained 
at less than atmospheric pressure. 

The apparatus for heat welding may also include 
at least one roller disposed for external engagement 
with the conduit upstream of said series of rollers, for 
ensuring alignment of the drip irrigation elements with 
the conduit. 

Preferably the said series of rollers is formed with 
a concave cross section arranged to correspond to 
the shape of the conduit and the drip irrigation ele- 
ments, thereby to ensure complete heat welding 
therebetween. Alternatively the series of rollers is for- 
med to define a straight engagement surface for 
engagement with the conduit. Preferably the series of 
rollers is operative to configure the conduit to corre- 
spond to the shape of the drip irrigation elements, at 
the location of each drip irrigation element. 

There may also be provided a roller externally 
engaging the conduit at a location just upstream of the 
location of initial contact between the conduit and the 
drip irrigation emitter. 

The heat welding apparatus may include a drip 
irrigation emitter unit support which is non-linear. 
More specifically, a preferred emitter unit support 
includes an initial upward bend followed by a down- 
ward bend, both bends lying upstream of the location 
of initial contact between the conduit and the drip irri- 
gation emitter. 

There may also be provided roller apparatus for 
flattening the conduit following heat welding of drip 
irrigation emitters thereto. 

In accordance with an embodiment of the inven- 
tion there is provided drip irrigation apparatus man- 
ufactured according to the technique described above 
or using the apparatus described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and 
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appreciated more fully from the following detailed des- 
cription, taken in conjunction with the drawings in 
which: 

Fig. 1 is a general illustration of apparatus for car- 
rying out a technique for manufacturing a continu- 5 
ous drip irrigation line in accordance with a 
preferred embodiment of the present invention; 
Figs. 2A, 2B, 2C, 2D, 2E and 2F illustrate six 
stages in a technique for manufacturing a con- 
tinuous drip irrigation line in accordance with a w 
preferred embodiment of the present invention; 
Fig. 3 is a detailed illustration of a portion of the 
technique illustrated in Figs. 2A - 2F; 
Fig. 4 is a detailed illustration of another portion 
of the technique illustrated in Figs. 2A - 2F; 15 
Figs. 5A, 5B and 5C illustrate three stages in a 
technique for manufacturing a continuous drip irri- 
gation line in accordance with another preferred 
embodiment of the present invention; 
Fig. 6 is an enlarged illustration of the stages 20 
shown in Figs. 5B and 5C; 
Fig. 7 is an illustration generally corresponding to 
Fig. 2C for a technique which is slightly modified 
as compared with the technique illustrated in Fig. 
2C; 25 
Fig. 8 is an enlarged illustration corresponding to 
Fig. 7 for one set of operating parameters; 
Fig. 9 is an enlarged illustration generally corre- 
sponding to Fig. 7 for another set of operating par- 
ameters; and 30 
Fig. 10 is an enlarged illustration corresponding 
to Fig. 7 for yet another set of operating par- 
ameters. 



DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 



35 



Reference is now made to Fig. 1 , which illustrates 
apparatus for producing a drip irrigation line and Figs. 
2A - 2F, which illustrate portions of the apparatus of 40 
Fig. 1 in greater detail and enable an understanding 
of the process, according to the present invention, 
whereby drip irrigation lines are produced. 

Generally speaking, the apparatus of Figs. 1 and 
2A - 2F comprises an extrusion head 10 and 45 
associated extruder 11, which produce an extruded 
conduit 12. The extrusion head is designed so as to 
define a bore 14 therein, through which drip irrigation 
emitter units 15 are supplied to the interior of extruded 
conduit 12 on a support track 16 from a stack 18, by 50 
means of a pushing mechanism 20. The pushing 
mechanism may comprise a piston undergoing back 
and forth motion or alternatively a driving mechanism 
which only moves in one direction. The driving 
mechanism may stop intermittently but preferably pro- 55 
vides continuous motion at a speed less than the 
speed of conduit 12. The speed may be adjusted to 
achieve a desired distance between drip irrigation 



emitters, while the continuous motion ensures that 
this distance remains constant throughout. 

In accordance with one embodiment of the pre- 
sent invention, illustrated in Fig. 1, a passage 23 is 
provided in extrusion head 10 and in communication 
with bore 14 for supply of gas under positive pressure 
to the interior of the conduit 12. Suitable pressure sea- 
ling 25 of the bore 14 may be provided as appropriate. 
Alternatively passage 23 may be eliminated. 

Initial contact of the drip irrigation emitter units 15 
with the conduit 12 occurs downstream of the extru- 
sion head 10 at a location I intermediate the extrusion 
head 1 0 and a first labyrinth seal 21 which defines the 
upstream boundary of a cooling water bath 22, which 
is typically maintained at a positive pressure with res- 
pect to the ambient. Alternatively, the cooling water 
bath 22 may be maintained under vacuum. 

Provision of gas under positive pressure to the 
interior of the conduit 12 provides enhanced expan- 
sion of the conduit 12, just downstream of the extru- 
sion head 10 and allows bath 22 to be maintained at 
a higher positive pressure than would otherwise be 
possible without causing collapse of the conduit the- 
rein. 

Within the bath 22, the conduit 12 is engaged by 
a roller 24, which is spaced at a predetermined sepa- 
ration from track 16, in order to line up the conduit 12 
with respect to emitters 15 for efficient heat welding 
therebetween, downstream of roller 24. 

The conduit 12 passes a second labyrinth seal 
26, which defines the downstream boundary of bath 
22 and enters a second water bath 28, which is pref- 
erably maintained at a pressure below that of bath 22 
and is typically maintained under vacuum. 

Within bath 28, the conduit 12 passes in engage- 
ment with a series of rollers 30, which serve to finalize 
heat welding of the emitter units 15 onto the interior 
surface of conduit 12. The separation of rollers 30 
from track 1 6 is determined by a spacer roller assem- 
bly 32. 

The conduit 12 exits bath 28 via a seal 34, which 
may be a labyrinth seal, but need not be, in view of the 
fact that at this stage the conduit 12 has relatively 
fixed dimensions due to cooling thereof. Downstream 
of bath 28, the conduit may be passed through 
additional cooling baths. The conduit 12 may be flat- 
tened by one or more pair of rollers 36 and outlet aper- 
tures are formed therein by apparatus 38. Rollers 36 
may be located at any suitable location along the pro- 
duction line and may be located within a cooling bath. 

Alternatively, any or all of rollers 24, 30, 36 may 
be replaced by a flat pressure surface. 

Apparatus 38 typically comprises apparatus for 
physically sensing the presence of an emitter unit 15 
in a flattened conduit 12. Such apparatus may employ 
aperturing means which are mounted onto the 
apparatus for physically sensing for moving together 
therewith and together with the emitter unit until aper- 
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turing occurs. Alternatively, the aperturing means 
need not move together with the emitter unit but 
instead have its motion synchronized with the motion 
of the emitter unit according to the known speed of the 
emitter unit. In such a case, the motion of the apertur- 
ing means need not be linear, but could be in an arc. 

Movement of the conduit through the various 
stages described hereinabove is accomplished by 
means of a caterpillar drive assembly 40, whose 
speed is synchronized with the extrusion speed of ext- 
ruder 11, such that the speed at which the conduit 12 
is pulled by drive assembly 40 is typically about 1.5 
times the speed at which the conduit 12 leaves the 
extruder head 10, thereby producing stretching and 
reduction of the diameter of the conduit 12 as it cools 
and progresses through the various stages described 
hereinabove. 

There is preferably provided apparatus 42 for 
measuring the diameter of conduit 12 upstream of 
drive assembly 40. In response to the sensed diame- 
ter of the conduit, either or both of the speed of drive 
assembly 40 and extruder 1 1 are continuously adjus- 
ted to provide the desired uniform diameter of conduit 
12. In this manner, the use of a calibrator, as in the 
prior art, is obviated. 

A power driven take up reel 44 winds the com- 
pleted drip irrigation line. 

Reference is now made to Figs. 2A - 2F which 
illustrate in greater detail various portions of the 
apparatus of Fig. 1. 

Fig. 2A illustrates the apparatus of Fig. 1 as the 
conduit 12 is being extruded from the head 10 at a 
linear speed of typically 40 meters/second and the 
emitters 15 are at rest Reference A indicates the 
location of a given location on conduit 12 at a point in 
time when the leading edge B of an emitter unit 15 is 
about to be pushed forward by pushing mechanism 
20. 

Fig. 2B illustrates the relative progress of the con- 
duit 12 and the emitter unit 15 in a linear direction after 
elapse of a given time from the stage shown in Fig. 2A. 
It is seen that the linear displacement of A is signific- 
antly greater than the linear displacement of B, indi- 
cating that the linear speed of the emitter unit is 
significantly less than that of conduit 12. Typically the 
steady state linear speed of emitter unit 15, when dri- 
ven by pushing mechanism 20, is about 20 
meter/second. 

Fig. 2C illustrates initial contact between the lead- 
ing edge B of emitter unit 15 and conduit 12. A con- 
sideration of Figs. 2A, 2B and 2C indicates clearly that 
upon initial contact between the emitter unit 15 and 
conduit 12, the conduit 12 has a linear speed which 
is significantly greater than the linear speed of the 
emitter unit 15. A typical ratio between the linear 
speed of the conduit 12 and of the emitter unit 15 is 
1.5. 

By virtue of the initial contact between the conduit 



12 and the emitter unit 15 and adhesion therebet- 
ween, the conduit 12 pulls the emitter unit 15 along 
therewith at the linear speed of the conduit. It is under- 
stood that movement of the emitter unit 15 up to the 

5 stage illustrated in Fig. 2C is provided by pushing 
mechanism 20, while movement of the emitter unit 15 
after the stage illustrated in Fig. 2C is provided gen- 
erally by the conduit 12 by virtue of the contact be- 
tween the conduit and the emitter unit. 

10 It is appreciated that both before and after the ini- 

tial contact stage illustrated in Fig. 2C, the conduit 12 
is being stretched as described above. As the result 
of this stretching, the linear speed of the location A on 
the conduit increases as it moves away from the exi- 
ts rusion head and continues to increase until well after 
the stage of initial contact. 

In accordance with a preferred embodiment of the 
invention, and as illustrated in Fig. 3, track 16 is bent 
upward at a location II and levels out at a location III 

20 intermediate the head 10 and location I in order to 
bring the emitter units 15 passing therealong into 
closer propinquity to the adjacent inner surface of 
conduit 12 prior to initial contact. Specifically the loca- 
tions II and III are located with respect to location I, 

25 such that when the leading edge of the emitter unit 
reaches location I, the emitter is angled upwardly with 
respect to the longitudinal axis of the conduit 12, as 
illustrated in solid lines in Fig. 3 and is free to rotate 
about an axis transverse to the longitudinal axis upon 

30 establishment of initial contact, to an orientation 
shown in dashed lines in Fig. 3, thereby reducing the 
chance of damage to the conduit 12 as the result of 
initial contact between the conduit 12 and the emitter 
unit 15 at different linear speeds. 

35 Following initial contact, as illustrated in Fig. 2C, 

the conduit 12, pulling with it the emitter 15, passes 
through labyrinth seal 21 and into bath 22, as illus- 
trated in Fig. 2D. It is noted that labyrinth seal 21 does 
not operate to determine the dimensions of the con- 

40 duit 1 2 nor does it operate to force the conduit 1 2 and 
emitter unit 15 into heat welding engagement. 

Reference is made in this connection to Fig. 4, 
which is an enlarged illustration of bath 22 and 
labyrinth seals 21 and 26. It is seen that a gap 50 is 

45 defined between the teeth of the labyrinth seal 21 and 
the outer surface of conduit 12. As noted above, roller 
24 is spaced at a predetermined separation from track 
16, in order to line up the conduit 12 with respect to 
emitter units 15 for efficient heat welding therebet- 

so ween, downstream of roller 24. 

The conduit 12, carrying with it emitter unit 15, 
which continues to be supported on track 16, leaves 
bath 22 via labyrinth seal 26. As shown in Fig. 2E, the 
conduit 12 enters bath 28 and passes in operative 

55 engagement with series of rollers 30 which function to 
complete the heat welding of the emitter unit 1 5 to the 
interior surface of conduit 12. 

The series of rollers 30 preferably is supported on 
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side brackets 50, which are pivotably mounted at one 
end about a pivot axis 52. The separation of the series 
of rollers 30 may be adjusted by means of a spacer 
roller assembly 32, located at the opposite end of side 
brackets 50 from pivot axis 52. ft is appreciated that 5 
the number of rollers may be increased or decreased 
from the number illustrated in the drawings, as suit- 
able for a given operating speed. The series of rollers 
30 provides a controlled force externally of conduit 12, 
urging it into contact along the length of drip irrigation 10 
emitter units 15. 

Fig. 2F illustrates a stage wherein an emitter unit 
1 5 has passed the series of rollers 30 and is fully heat 
welded to the inside surface of conduit 12. 

Reference is now made to Figs. 5A - 5C, which is 
illustrate three stages in the production of drip irri- 
gation lines in accordance with the present invention, 
corresponding generally to the stages shown in Figs. 
2A - 2C and described above. 

Fig. 5A illustrates an initial stage corresponding to 20 
that shown in Fig. 2A. The difference here is the pro- 
vision of a transverse displacement assembly 60 
including a drive piston and cylinder 62, an extension 
rod 64, arranged for axial motion parallel to the axis 
of the conduit 1 2, and an emitter unit engagement por- 25 
tion 66. Engagement portion 66 is located adjacent 
the extreme end of extension rod 64, opposite from 
piston and cylinder 62 and is arranged to be raised by 
engagement therewith by the extreme end of the 
extension rod 64. 30 

As shown in Fig. 5B, the conduit 12 and emitter 
unit 15 move axially to respective axial positions cor- 
responding to those shown in Fig. 2C. Here, however, 
the emitter unit 15 does not yet engage the inner sur- 
face of the conduit and is axially at rest prior to engag- 35 
ing the inner surface of the conduit. In practice, 
termination of the axial velocity of the emitter 15 may 
be achieved by provision of a stop 68, although a stop 
68 is not required for this purpose. 

As illustrated in detail in Fig. 6, once emitter unit 40 
15 comes to rest at the location illustrated in Fig. 5B, 
the transverse displacement assembly 60 is operative 
to extend rod 64 so that the inclined tip 70 of rod 64 
engages a suitably inclined cam surface 72 of a 
recess 74 in engagement portion 66. thereby raising 45 
engagement portion 66 in a direction generally trans- 
verse to the longitudinal axis of conduit 12 and urging 
the leading edge B of emitter unit 1 5 into engagement 
with the inner surface of conduit 12. 

For ease in understanding Fig. 6, the orientations 50 
of elements 64, 66 and 15 prior to transverse dis- 
placement, as shown in Fig. 5B, are illustrated in 
dashed lines, while the orientations of elements 64, 
66 and 15 following transverse displacement, as 
shown in Fig. 5C, are illustrated in solid lines. 55 

Reference is now made to Fig. 7, which illustrates 
apparatus for producing a drip irrigation line which is 
slightly modified as compared with the apparatus 



illustrated in Fig. 1 . Here an additional roller 80 is pro- 
vided for engagement with conduit 12 downstream of 
the exit from the extrusion head 10 and upstream of 
the labyrinth seal 21. Roller 80 may be rotatably 
mounted for rotation about a fixed axis or alternatively 
may be mounted for both rotation and translation 
along an axis extending perpendicular to the direction 
of movement of the conduit 12, as will be described 
hereinbelow with respect to Fig. 10. The remainder of 
the apparatus of Fig. 7 may be identical to that shown 
in Fig. 1. 

Fig. 7 illustrates a stage in the production of the 
drip irrigation line which corresponds generally to that 
illustrated in Fig. 2C and in Fig. 3. Fig. 8 is an enlarged 
illustration which corresponds to the stage illustrated 
in solid lines in Fig. 3. From a comparison of Figs. 3 
and 8, it can be seen that the provision of roller 80 
reduces the acute angle between the inner surface of 
the conduit 12 and the top surface of the insert 15 at 
the location of initial engagement. 

Fig. 9 is an enlarged illustration corresponding 
generally to Fig. 7 but illustrating somewhat different 
apparatus for producing a drip irrigation line. In the 
embodiment of Fig. 9, pressurized air or other gas is 
provided to the interior of the conduit 12, from an 
external source via at least one of two passages 23 
and 81. It is noted that passage 23, which passes 
through the extrusion head 10, tends to heat the gas 
passing therethrough, while passage 81, which pas- 
ses through bore 14, tends not to heat the gas to the 
same extent The arrangement of bore 81 enables the 
gas outlet to be relatively further downstream than the 
gas outlet from passage 23. Alternatively, only one of 
passages 23 and 81 may be employed. 

The arrangement of Fig. 9 provides inflation of the 
conduit 12 immediately after its exit from the extrusion 
head 10. Cooperating action of roller 80 causes the 
initial contact between the conduit 12 and an emitter 
unit 15 to be a generally area contact Alternatively 
roller 80 may be eliminated. 

Reference is now made to Fig. 10, which illus- 
trates an alternative technique for producing a drip irri- 
gation line using the apparatus of Fig. 7. Here, roller 
80 is rotatably mounted on an axle 82, which is in turn 
mounted on a linear displacer assembly 84, such as 
a piston and cylinder combination, arranged for trans- 
lation along an axis 86 generally perpendicular to the 
axis 88 of the conduit 12 as it passes through the 
apparatus of Fig. 7. Linear displacer assembly 84 is 
operative to provide selectable positioning of the rol- 
ler 80 either in an extended position, in engagement 
with the conduit 12 or in a retracted position, spaced 
from conduit 12. 

As seen in Fig. 10, when the roller 80 is in 
engagement with conduit 12, it urges the conduit into 
initial contact engagement with a surface 90 of insert 
15. 

In accordance with a preferred embodiment of the 
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present invention, illustrated in Fig. 10, each insert 15 
may be generally at rest at the time of initial contact 
with the inner surface of conduit 12. Initial contact with 
each insert is produced by a extension cycle of dis- 
placer assembly 84. The remainder of the apparatus 5 
and technique according to the embodiment of Fig. 10 
may be identical to that described hereinabove. 

It will be appreciated by persons skilled in the art 
that the present invention is not limited by what has 
been particularly shown and described hereinabove. 10 
Rather the scope of the invention is defined only by 
the claims which follow: 



Claims 
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1. A technique for manufacturing extruded drip irri- 
gation lines including drip irrigation elements hav- 
ing a non-circular cross section comprising the 
steps of: 20 

extruding a drip irrigation conduit; and 

heat welding discrete drip irrigation ele- 
ments having a non-circular cross section to a 
portion of the interior surface of the drip irrigation 
conduit extending over less than the entire cir- 25 
cu inference thereof, the step of heat welding 
comprising the following steps: 

sequentially feeding discrete drip irrigation 
elements through the interior of the drip irrigation 
conduit; 30 

causing individual drip irrigation elements 
to establish initial contact with the extruded con- 
duit as the extruded conduit is being stretched to 
its final cross sectional dimensions; and 

completing heat welding of the elements to 35 
the conduit when the conduit has substantially 
reached its final cross sectional dimensions. 

2. A technique for manufacturing extruded drip irri- 
gation lines including drip irrigation elements hav- 40 
ing a non-circular cross section comprising the 
steps of: 

extruding a drip irrigation conduit; and 

heat welding discrete drip irrigation ele- 
ments having a non-circular cross section to a 45 
portion of the interior surface of the drip irrigation 
conduit extending over less than the entire cir- 
cumference thereof, the step of heat welding 
including the following steps: 

sequentially feeding discrete drip irrigation so 
elements through the interior of the drip irrigation 
conduit; and 

causing individual drip irrigation elements 
to establish initial contact with the extruded con- 
duit as the extruded conduit is undergoing linear 55 
motion at a first velocity substantially greater than 
the velocity of the individual drip irrigation ele- 
ment. 



3. A technique for manufacturing extruded drip irri- 
gation lines including drip irrigation elements hav- 
ing a non-circular cross section including the 
steps of: 

extruding a drip irrigation conduit; and 

heat welding discrete drip irrigation ele- 
ments having a non-circular cross section to a 
portion of the interior surface of the drip irrigation 
conduit extending over less than the entire cir- 
cumference thereof, the steps of heat welding 
comprising the following steps: 

sequentially feeding discrete drip irrigation 
elements through the interior of the drip irrigation 
conduit; and 

causing individual drip irrigation elements 
to establish heat welding contact with the ext- 
ruded conduit as the extruded conduit is undergo- 
ing linear motion at a first velocity, said step of 
causing comprising moving the individual drip irri- 
gation element with a component of motion trans- 
verse to the linear motion of the extruded conduit 
and into contact with an interior surface thereof. 

4. A technique for manufacturing extruded drip irri- 
gation lines including drip irrigation elements hav- 
ing a non-circular cross section comprising the 
steps of: 

extruding a drip irrigation conduit; and 

heat welding discrete drip irrigation ele- 
ments having a non-circular cross section to a 
portion of the interior surface of the drip irrigation 
conduit extending over less than the entire cir- 
cumference thereof, the step of heat welding 
including the following steps: 

sequentially feeding discrete drip irrigation 
elements through the interior of the drip irrigation 
conduit; and 

causing individual drip irrigation elements 
to establish heat welding contact with the ext- 
ruded conduit as the extruded conduit is undergo- 
ing linear motion at a first velocity, said step of 
causing comprising pushing the extruded conduit 
with a component of motion transverse to the 
linear motion thereof and into contact with an indi- 
vidual drip irrigation element. 

5. A technique for manufacturing extruded drip irri- 
gation lines including drip irrigation elements hav- 
ing a non-circular cross section including the 
steps of. 

extruding a drip irrigation conduit; and 
heat welding discrete drip irrigation ele- 
ments having a non-circular cross section to a 
portion of the interior surface of the drip irrigation 
conduit extending over less than the entire cir- 
cumference thereof, the step of heat welding 
including the following steps: 

sequentially feeding discrete drip irrigation 
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elements through the interior of the drip irrigation 
conduit; and 

causing individual drip irrigation elements 
to establish heat welding contact with the ext- 
ruded conduit as the extruded conduit is undergo- 5 
ing linear motion, said step of causing comprising 
the steps of: 

supplying gas under pressure to the 
interior of the extruded conduit, thereby causing 
expansion thereof; 10 

stretching the expanded extruded conduit 
to cause contraction thereof as initial heat weld- 
ing contact is established between the drip irri- 
gation element and the extruded conduit. 

15 

6. A technique for manufacturing extruded drip irri- 
gation lines including drip irrigation elements hav- 
ing a non-circular cross section including the 
steps of: 

extruding a drip irrigation conduit; and 20 

heat welding discrete drip irrigation ele- 
ments having a non-circular cross section to a 
portion of the interior surface of the drip irrigation 
conduit extending over less than the entire cir- 
cumference thereof, the step of heat welding 25 
including the following steps: 

sequentially feeding discrete drip irrigation 
elements through the interior of the drip irrigation 
conduit; and 

causing individual drip irrigation elements 30 
to establish initial contact with the extruded con- 
duit while the extruded conduit has a linear 
velocity less than its final linear velocity. 

7. Apparatus for manufacturing extruded drip irri- 35 
gation lines including drip irrigation elements hav- 
ing a non-circular cross section comprising: 

means for extruding a drip irrigation con- 
duit; and 

means for heat welding discrete drip irri- 40 
gation elements having a non-circular cross sec- 
tion to a portion of the interior surface of the drip 
irrigation conduit extending over less than the 
entire circumference thereof, the means for heat 
welding comprising: 45 

means for sequentially feeding discrete 
drip irrigation elements through the interior of the 
drip irrigation conduit; 

means for causing individual drip irrigation 
elements to establish initial contact with the ext- 50 
ruded conduit as the extruded conduit is being 
stretched to its final cross sectional dimensions; 
and 

means for completing heat welding of the 
elements to the conduit when the conduit has 55 
substantially reached its final cross sectional 
dimensions. 



8. Apparatus for manufacturing extruded drip irri- 
gation lines including drip irrigation elements hav- 
ing a non-circular cross section comprising: 

means for extruding a drip irrigation con- 
duit; 

means for heat welding discrete drip irri- 
gation elements having a non-circular cross sec- 
tion to a portion of the interior surface of the drip 
irrigation conduit extending over less than the 
entire circumference thereof, the means for heat 
welding comprising: 

means for sequentially feeding discrete 
drip irrigation elements through the interior of the 
drip irrigation conduit; and 

means for causing individual drip irrigation 
elements to establish initial contact with the ext- 
ruded conduit as the extruded conduit is undergo- 
ing linear motion at a first velocity substantially 
greater than the velocity of the individual drip irri- 
gation element. 

9. Apparatus for manufacturing extruded drip irri- 
gation lines including drip irrigation elements hav- 
ing a non-circular cross section comprising: 

means for extruding a drip irrigation con- 
duit; and 

means for heat welding discrete drip irri- 
gation elements having a non-circular cross sec- 
tion to a portion of the interior surface of the drip 
irrigation conduit extending over less than the 
entire circumference thereof, the means for heat 
welding including: 

means for sequentially feeding discrete 
drip irrigation elements through the interior of the 
drip irrigation conduit; and 

means for causing individual drip irrigation 
elements to establish initial contact with the ext- 
ruded conduit while the extruded conduit has a 
linear velocity less than its final linear velocity. 

10. Apparatus for manufacturing extruded drip irri- 
gation lines including drip irrigation elements hav- 
ing a non-circular cross section comprising: 

means for extruding a drip irrigation con- 
duit and 

means for heat welding discrete drip irri- 
gation elements having a non-circular cross sec- 
tion to a portion of the interior surface of the drip 
irrigation conduit extending over less than the 
entire circumference thereof, the means for heat 
welding comprising: 

means for sequentially feeding discrete 
drip irrigation elements through the interior of the 
drip irrigation conduit; and 

means for causing individual drip irrigation 
elements to establish heat welding contact with 
the extruded conduit as the extruded conduit is 
undergoing linear motion at a first velocity, said 
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step of causing comprising moving the individual 
drip irrigation element with a component of motion 
transverse to the linear motion of the extruded 
conduit and into contact with an interior surface 
thereof. 5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 




DGCID; <EP 0*180632 A 2 I > 




OOCID: <EP 0480632A2 I > 




5DOC1D <EP 04fl063?A:? I > 




X3CID: <EP 0480632A2 I > 



EP 0 480 632 A2 




EP 0 480 632 A2 






OOCIO <EP CM80632A2 I > 




DOCID: <EP 0480632A2 I > 




THIS PAGE BLANK <uspto> 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(TP) Publication number : 0 480 632 A3 

EUROPEAN PATENT APPLICATION 



(21) Application number: 91309079.1 

(22) Date of filing : 03.10.91 



@ int. Ci. 5 : B29C 47/02, A01G 25/02 



(30) Priority : 12.10.90 IL 95972 

(43) Date of publication of application : 

15.04.92 Bulletin 92/16 

(Si) Designated Contracting States : 

AT BE CH DE DK ES FR GB GR IT LI LU NL SE 

@ Date of deferred publication of search report : 

27.01.93 Bulletin 93/04 

© Applicant : NAAN IRRIGATION SYSTEMS 
Kibbutz Naan 73 263 (IL) 



(72) Inventor: Gorney, Moshe 
Kibbutz Naan 73 263 (IL) 
Inventor: Galili, Shlomo 
13 Zlotopolski Street 
Tel Aviv (IL) 
Inventor : Koren, Dan 
Kibbutz Naan 73 263 (IL) 
Inventor : Tal, Shaul 
Kibbutz Naan 73 263 (IL) 
Inventor: Sol, David 
Kibbutz Naan 73 263 (IL) 

(74) Representative : Hillier, Peter et al 

Reginald W. Barker & Co., 13, Charterhouse 
Square 

London, EC1M 6BA (GB) 



CO 

< 

CM 
CO 

<0 



(g) Method and apparatus for producing pipes for drip irrigation. 

(57) A technique for manufacturing extruded drip 

irrigation lines including drip irrigation ele- - v 
ments (15) having a non-circular cross section 
including the steps of : 

extruding a drip irrigation conduit (12); 

and 

heat welding discrete drip irrigation ele- 
ments (15) having a non-circular cross section 
to a portion of the interior surface of the drip 
irrigation conduit extending over less than the 
entire circumference thereof, the step of heat 
welding including the following steps : 

sequentially feeding discrete drip irri- 
gation elements (15) through the interior of the 
drip irrigation conduit (12) ; 

causing individual drip irrigation elements 
(15) to establish initial contact with the extruded 
conduit (12) as the extruded conduit is being 
stretched to its final cross sectional dimen- 
sions ; and 

completing heat welding of the elements 
to the conduit when the conduit has substan- 
tially reached its final cross sectional dimen- 
sions. 




I 1 



a. 

LU 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



;DOClD <EP 048G632A3 I > 



EP 0 480 632 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Nuaibor 

EP 91 30 9079 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Catcgwy 


Citation of document with indication, wberc appropriate, 
of rdevMt passages 


Relevant 
to dai» 


CLASSIFICATION OF THE 
APPLICATION Ont. CI.S ) 


E 


WO-A-9 205 689 (E. DERMITZAKIS) 
* the whole document * 


1-10 


B29C47/02 
A01G25/02 


X 


EP-A-0 344 605 (HYDRO-PLAN ENGINEERING 
LTD.) 

* the whole document * 


1-10 




A 


EP-A-0 309 162 (JANES HARD IE IRRIGATION) 
* figures * 


1-10 





The 



i report has been draw a op for all claims 



llaeaaf March 

THE HAGUE 



13 NOVEMBER 1992 



TECHNICAL FIELDS 
SEARCHED (Int. Q.5 ) 



B29C 

A01G 



LASSON Cedric 



m 

o 

o 



X : 
Y: 

A : 
O: 
P; 



CATEGORY OF CITED DOCUMENTS 

particularly relevant If takes alone 

parti calarty roJovmat if eoabiaetf wtth another 

eeciuaeat of tie same catefory 

technological background 

iM-nriitei disdesare 



T : theory or principle uaeertytag the invention 
E : earlier patent •ocanMat, bat pabUshea om, cm 

after the ftllag ante 
D : document cited la the application 
L : tocunent dttd f 



faatily, corresponding 



DOCID <EP 0480632A3 J > 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

S3 BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
Q FADED TEXT OR DRAWING 

BLURRED OR ILLEGIBLE TEXT OR DRAWING 
3_SKEWED/SLANTED IMAGES 

13 COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE^) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



Page Blank (uspto) 



